The 9th Japan-US seminar 2003 at Yatsugatake "Negative group delay and superluminal propagation"
Demonstration of negative group delay in a simple electronic circuit Pulser
Lowpass filters Switch
Pulse generator Negative delay circuit
LED in LED out
The output pulse shows up earlier than the input pulse.
A question from an audience: "Is circuit simulation of slow light possible?"
Simulation of slow light with electronic circuits
Nakanishi, Sugiyama, and MK, Am. J. Phys. 73, 323 (2005) Wave equation for envelope
The discretized (in space) equation 
The discretized (in space) equation Brewster's law -No reflection for a specific incident angle: 
Asymmetry between TE and TM modes: 
Metamaterials (2)
Owing to the resonant structures of elements, both ǫ r and µ r can be shifted from unity significantly.
Even nagetive ǫ r or µ r is possible. -ǫ r < 0, µ r < 0.
Negative refraction Formula n = √ ε r µ r must be revised as n = √ ε r √ µ r .
Magnetic materials (µ r = 1) for high frequancies can be made.
(In normal media, magnetic response is frozen.)
EM metamaterials -p.8/27
TE-Brewster effect in metamaterials
Tamayama, Nakanishi, Sugiyama, and MK: Phys. Rev. B 73, 193104 (2006) .
Synthesize a metamaterial with µ r = 1, ǫ r = 1. (purely magnetic medium)
Experimental demonstration of Brewster effect for TE waves (in microwave region)
EM metamaterials -p.9/27
Split ring resonator (SRR) -magnetic atom
Two planar coils coupled with capacitors LC series resonance 
Pseudo-Brewster angle
At SSR resonance wings, we have µ r = 1 and ε r = 1.
Loss (Im µ r > 0) must be considered.
For lossy media, suppression of reflectivity is incomplete −→ Pseudo-Brewster angle Frequency region R 0 : reflectivity at θ = 0.
The ratio R min /R 0 becomes smaller in a narrow region blow resonance -easy to find Brewster effect Brewster condition as impedance matching
Impedance matching at the interface (1-2)
θ 2 ) ε 2 θ 1 : angle of incidence, θ 2 : angle of refraction Impedance matching is achieved effectively even for ε 1 = ε 2 . → Brewster condition 
No reflection propagation (1D)
Constant impedance media:
No reflection in inhomogenous media (even in negative n) 
Constant impedance propagation
Plane waves propagted in z-direction (ω)
Constant impedance propagation 
